1. Introduction {#s0005}
===============

Where people live affects their health and well-being. Studies have pointed to multiple links between residential location, the surrounding built environment (BE), and the risk of non-communicable diseases (NCD), including obesity and type 2 diabetes (T2D) ([@bib31], [@bib38], [@bib40], [@bib50], [@bib55], [@bib75], [@bib97]).

Health-smart urban planning requires a better understanding of which aspects of the BE are most likely to have a measurable impact on obesity rates. Among neighborhood features thought to influence weight and health are walkability ([@bib30], [@bib45]; [@bib56]; [@bib78]; [@bib85]; [@bib104]; [@bib114]), proximity to parks and trails ([@bib24], [@bib25], [@bib47], [@bib73], [@bib115], [@bib121], [@bib127]), and access to physical activity ([@bib8], [@bib34], [@bib52], [@bib77]; [@bib81]; [@bib93]; [@bib106]). The food environment, often defined by the density of and proximity to supermarkets, grocery stores, farmers' markets, fast food stores, or convenience stores has also been linked to diet quality, obesity, and T2D risk ([@bib1], [@bib7], [@bib19], [@bib36], [@bib69], [@bib70], [@bib76], [@bib130]).

The study of BE and health has been facilitated by recent advances in geographic information systems (GIS) and global positioning systems (GPS) technologies ([@bib21]). Spatially-referenced data at a high level of resolution have now become the norm in studies of BE and health outcomes. Aggregate BE data for US counties, health planning areas, and ZIP codes have given way to higher-resolution data such as census tracts, census blocks, or individual tax parcel lots ([@bib43], [@bib40]; [@bib87]; [@bib124]; [@bib125]; [@bib130]). Novel variables, including area residential property values, have allowed for a better characterization of area SES in relation to body weight and other health outcomes. That in turn allowed for exploration of geographic disparities in obesity rates, sometimes at the neighborhood level ([@bib43], [@bib39], [@bib41], [@bib42], [@bib50], [@bib66]). Both diet quality and obesity have now been mapped at US census tract and at census block levels ([@bib39], [@bib38], [@bib92]).

To date, most studies on the impact of BE on body weight have been cross-sectional, pointing to some interesting associations but not allowing for any causal inferences to be made ([@bib3], [@bib10], [@bib11], [@bib68]). Only longitudinal cohort studies can address the critical and still unanswered question: does the residential BE have a causal effect on body weight trajectories and on overall health? More specifically, can the neighborhood BE variables predict the risk of obesity, T2D, or metabolic syndrome; and can they predict the likelihood of weight loss or weight gain?

Only large, longitudinal cohort studies can answer the further question: do different components of BE, some modifiable and others not, have a direct impact on health outcomes that is independent of area socioeconomic status (SES)? A focus on the modifiable aspects of the BE would inform policy-level decisions about how future neighborhoods ought to be designed.

The present Moving to Health conceptual model was inspired to a significant extent by the classic Moving to Opportunity Study, a randomized social experiment sponsored by the US Department of Housing and Urban Services in the 1990s ([@bib88]). The Moving to Opportunity Study tried to answer the question whether moving from a high-poverty to a lower-poverty neighborhood improved the social and economic prospects of the lower-income families in the long term. The present and more health-focused question is whether moving to a different residential location can have a long-term impact on body weight trajectories and obesity risk.

This conceptual note also calls for a paradigm shift. The currently popular "natural experiments" examine the health impact of changes in the BE ([@bib92]). For the most part, those changes were based on the introduction of a new supermarket, a new or refurbished park or playing field, or a new light rail system. In all those cases, it was the BE that was modified, whereas the people stayed put.

The conceptual scheme of the new research strategy is shown in [Fig. 1](#f0005){ref-type="fig"}. In general, it is the real estate that is immobile; it is people who are more likely to move. The mere act of moving to another house in a different neighborhood may change the proximal BE (including the food environment) virtually overnight. Many of the standard BE variables, commonly linked to health outcomes in past research, are likely to change. Neighborhood walkability, proximity to parks and trails, access to supermarkets, farmers' markets, fast foods, and convenience stores can all change dramatically from one day to the next.Fig. 1.Fig. 1

The critical question is -- does any of it make any difference to body weights, or a wide variety of health outcomes?

2. The built environment and health {#s0010}
===================================

The BE is said to be a powerful predictor of population health ([@bib31]; [@bib32]; [@bib90]). Reflecting on the impact of place on health, the National Academy of Sciences (NAS) has called on researchers and policymakers to address any modifiable environmental factors that might contribute to health inequalities at the neighborhood level ([@bib58]). Among those were disparities in access to healthy foods ([@bib75], [@bib97], [@bib99]) and opportunities for physical activity ([@bib77], [@bib86], [@bib90], [@bib116], [@bib117]).

2.1. The impact of physical activity and food environments on health {#s0015}
--------------------------------------------------------------------

The physical activity (PA) environment is normally conceptualized in terms of density of or distance to parks and trails ([@bib24], [@bib25], [@bib47], [@bib49], [@bib73], [@bib115], [@bib121], [@bib127]), and recreational facilities ([@bib3]), the length of sidewalks and street-block size ([@bib8], [@bib34], [@bib52], [@bib93], [@bib123], [@bib125], [@bib128]). More recent studies, including some natural experiments, have explored the impact on PA of living close to light rail or other public transport as well as the impact of active commuting, and bus ridership ([@bib77], [@bib78], [@bib79], [@bib89]; [@bib101]; [@bib104]). In general, more walking has been associated with better transportation infrastructure, measured as intersection, street, and sidewalk density, as well as with traffic conditions, measured by traffic volume and bus ridership ([@bib96]). Opportunities for PA have also been measured as access to fitness and recreation facilities ([@bib3], [@bib77], [@bib78], [@bib79], [@bib101], [@bib104]).

The walkability of BE has the potential to influence physical activity ([@bib45], [@bib56], [@bib86], [@bib85], [@bib104], [@bib114], [@bib116], [@bib117]). Overall, there has been consensus that more walkable BEs are associated with higher levels of PA activity ([@bib30], [@bib45], [@bib56], [@bib85], [@bib114]). The extent of recreation-based PA has been related to proximity to parks and trails ([@bib24], [@bib25], [@bib47], [@bib49], [@bib73], [@bib121], [@bib127]). A study of 6,376 same-sex twins provided evidence that higher neighborhood walkability was associated with more walking, and that more walking was associated with lower BMI ([@bib45]). A meta-analysis showed that a 1% reduction in distance to a food store was associated with a 25% increase in walking trips ([@bib46]). It is suggested by cross sectional studies that persons living near parks, hiking or walking trails, and other recreational activity centers have more PA ([@bib3], [@bib10], [@bib11], [@bib24], [@bib25], [@bib47], [@bib73], [@bib115], [@bib127]).

The food environment has been conceptualized in terms of density of or distance to food sources within a certain distance of home ([@bib19], [@bib41], [@bib42], [@bib55], [@bib71], [@bib83], [@bib97], [@bib130]). Food sources thought to be most relevant to diet quality and health were supermarkets, grocery stores, fast food restaurants, and convenience stores ([@bib4], [@bib12], [@bib19], [@bib53], [@bib59], [@bib69], [@bib70], [@bib37]; [@bib103]). In some studies, proximity to supermarkets, grocery stores, and traditional restaurants was associated with better diets and better health ([@bib12], [@bib54], [@bib98], [@bib126]). By contrast, proximity to convenience stores/fast-food restaurants was associated with poor diets and impaired health ([@bib5], [@bib14], [@bib19], [@bib69], [@bib70], [@bib75], [@bib118], [@bib120]).

However, not all studies produced consistent results. Some studies found that people living closer to full-service supermarkets had lower body weights ([@bib19], [@bib75], [@bib100], [@bib110], [@bib114], [@bib123]) but other studies did not ([@bib36], [@bib51], [@bib54], [@bib57]). Some studies found that people living closer to fast foods and convenience stores were more likely to be obese ([@bib53], [@bib59], [@bib82], [@bib94], [@bib100]) but other studies did not ([@bib14], [@bib51], [@bib57]). The distinction between the physical aspects of the BE and its underlying economic characteristics was not always made clear ([@bib4]).

For example, perceived proximity to supermarkets, farmers' markets and cafes, as opposed to fast foods, gas stations and convenience stores is likely to be reflected in the value of real estate and the purchasing power of the neighborhood. In general, the desirability of a given residential area is captured precisely by neighborhood property values. Several studies have now reported links between proximity to specific food sources and area socioeconomic status. In general, perceived proximity to fast foods and convenience stores has been associated with lower property values ([@bib2], [@bib36], [@bib40], [@bib37], [@bib68]), whereas perceived proximity to parks and cafes has been associated with higher property values ([@bib4], [@bib14], [@bib82]; [@bib100]; [@bib114]). Higher property values have been linked, in turn, with lower obesity risk ([@bib4], [@bib14], [@bib82], [@bib100], [@bib114]).

2.2. Some limitations of current approaches {#s0020}
-------------------------------------------

When it comes to the food environment, the limitations of the current evidence base can be summarized as follows. First, the data on the underlying area SES is often lacking, while data on residential property values comes from limited studies. Complementing education and incomes, residential property values better capture accumulated wealth, a useful proxy for economic resources and social class. Evidence is accumulating that geo-localized residential property values provide the useful bridge between area SES and health outcomes.

Second, the choice of residence and the composition of the neighborhood is subject to multiple influences. People may self-select their residential locations based on multiple -- and usually unmeasured - social and economic variables ([@bib40], [@bib67], [@bib91]). For example, studies have suggested that activity-conscious individuals may be more likely to move to neighborhoods with higher walkability and higher physical activity ([@bib10], [@bib11]; [@bib81]). Lee et al., suggests that people who are more active may be more aware of exercise facilities, which may influence their choice of neighborhood.

Both social capital and social context are also likely to play a part ([@bib40], [@bib108], [@bib109], [@bib118]). Very few health-oriented studies have examined social capital, social context, or area resources in relation to area socioeconomic status. Very few studies on diets and health have asked why people moved into a given neighborhood in the first place or asked about the cost of rent or mortgage ([@bib10], [@bib11], [@bib113]).

Third, many studies have been conducted at a crude level of aggregation. Local health jurisdictions are in critical need of geo-localized health data that is actionable and sufficiently fine-grained for developing targeted interventions. Cross-sectional data aggregated to large geographic units (state, county, or metropolitan area) can provide only limited insights into the geographic distribution of obesity and T2D ([@bib3], [@bib10], [@bib11], [@bib16], [@bib26], [@bib27], [@bib68]; [@bib28]). Although analyses by ZIP code have been useful for shaping some local policies and programs; the geography of obesity does not follow crude administrative boundaries ([@bib43], [@bib41], [@bib42], [@bib87], [@bib124], [@bib125], [@bib130]). As a result, it has proven difficult to identify those BE elements that are modifiable and most likely to be associated with positive health outcomes ([@bib9]). GIS analyses based on higher resolution data may be required to inform legal and regulatory changes in the BE, such as changes in zoning, street standards, or transportation systems ([@bib9]).

There is no question that small area studies point to sharp disparities in diets and health at the local level. For example, spatial epidemiologic studies, based on 59,767 insured adults in King County WA, aggregated by census tract (CT), showed that the prevalence of obesity and T2D varied more than 2.7-fold across county CTs. Crude obesity rates varied from 16% to 44%, whereas T2D rates varied from 7% to 21%, depending on where people lived ([@bib31], [@bib32]). Lower rates of obesity and T2D were associated with higher area SES, the latter captured by residential property values at the tax parcel level ([@bib38], [@bib40]). About 70% of variance in CT obesity rates and 39% of variance in CT T2D in King County was predicted by the proportion of college educated adults, median household incomes, and residential property values. Lower residential property values were associated with higher obesity rates among women ([@bib43], [@bib39], [@bib38], [@bib40], [@bib112]).

2.3. Does the built environment affect weight change? {#s0025}
-----------------------------------------------------

We identified a number of observational studies of BE that included weight or BMI as an outcome ([@bib17], [@bib48], [@bib61], [@bib62], [@bib72], [@bib84], [@bib109], [@bib111], [@bib122]). Of these, several studies explored the impact of baseline BE on the cohort\'s weight gain over time ([@bib17], [@bib48]; [@bib61], [@bib62]; [@bib63]; [@bib72]; [@bib84]; [@bib109]; [@bib111]; [@bib122]). Some of those studies explored the impact of the BE on weight change, usually over a period of 3 to 12 years ([@bib17], [@bib48], [@bib63], [@bib72], [@bib108]). Only three of those studies explored the impact of neighborhood environments on weight and obesity risk ([@bib17], [@bib48], [@bib63], [@bib72]). In general, living in lower SES or deprived neighborhoods was associated with a greater risk of obesity and with increased weight gain among children and adolescents ([@bib17], [@bib48], [@bib63]).

One hypothesis was that the lack of parks, trails, and physical activity locations in lower SES areas could contribute to excessive weight gain ([@bib24], [@bib25], [@bib47], [@bib49], [@bib73], [@bib127]). That view has been supported by studies that explored physical activity levels by neighborhood ([@bib30], [@bib45], [@bib56], [@bib85], [@bib114], [@bib116], [@bib117]) or examined the correlations between physical activity and neighborhood BE ([@bib45], [@bib56], [@bib85], [@bib86]; [@bib104]; [@bib114]; [@bib116], [@bib117]).

Strong associations between changes in neighborhood walkability and weight gain or loss were reported in three studies ([@bib61], [@bib62], [@bib89]). [@bib61], [@bib62] found that people who moved to an area with increased walkability experienced a decrease in BMI. There was further evidence that persons who moved into neighborhoods with more walking destinations had lower BMIs prior to their move ([@bib95]). Macdonald et al. (2010) found that persons who used a newly installed light rail system walked more and lost more weight.

Data on the impact of the food environment on body weight trajectories were much more limited ([@bib63]). A study of 174 adolescents found that living in areas with a high density of food sources was associated with increased obesity risk ([@bib63]). As with physical activity, more longitudinal studies are needed to draw causal connections between changes in the food environment and body weight.

2.4. What is the impact of natural experiments on health? {#s0030}
---------------------------------------------------------

Natural experiments are thought to offer some advantages over traditional observational studies ([@bib92]). The stated goal of natural experiments has been to assess the impact of changes to the BE on community health ([@bib92]).

Typically, natural experiments have assessed changes in the BE caused by third party groups, whether by urban development or by private or government action ([@bib92]). Those BE modifications have included the construction of new supermarkets, new light rail systems, or new park improvements ([@bib60], [@bib89], [@bib92]). The general assumption has been that positive changes in the BE can benefit the neighborhood and have a direct and measurable impact on the residents' health. While researchers did not have control over the BE interventions themselves, they were able to study PA or health outcomes ([@bib92]). Manipulation was minimal as investigators simply sampled individuals within a population before and after any third-party BE intervention.

[@bib92] analyzed a number of natural experiment studies that assessed environmental changes and their effects on physical activity, nutrition, and obesity or BMI. Of these, 17 investigated the impact of the modified BE (parks, trails, schoolyards) on self-reported PA and body weight ([@bib92]). In one study, continuing urbanization was linked to a lower risk for obesity ([@bib61]). A study of newly introduced light rail transit in Charlotte, NC, found that residents using the light rail system showed a decrease in BMI and reduced obesity risk ([@bib89]). However, there was no consensus in the literature that improved public transportation increased PA ([@bib92]).

18 additional studies, reviewed by [@bib92], examined the impact of changing BE on diets. However, only three of those explored the impact of BE on obesity and body weight ([@bib92]). There was no evidence that changes in the BE following a natural experiment improved diets or impacted body weight ([@bib92]).

The underlying assumption of many natural experiments has been that the BE changes while people stay in place, at least for long enough to experience health changes due to changing BE exposures. However, while studies were conducted in the same area, study samples before and after a given BE interventions were not necessarily the same ([@bib44]). Furthermore, the construction of new supermarkets and transportation systems does not guarantee their use by the surrounding community. In the Pittsburgh PHRESH study, the opening of a new supermarket in a former food desert was associated with greater neighborhood satisfaction and with improved neighborhood diets ([@bib44]). However, those improvements could not be tied to the supermarket itself; indeed, the use of the new supermarket was not associated with any dietary changes or lower body weight. Nonetheless, the researchers recommended continuing policies to incentivize food retail in food deserts, while cautioning that the mechanisms by which diet is improved were imperfectly understood ([@bib44]).

The present position is that any analyses of long term changes in the BE, conducted by third parties, take too long and are confounded by market forces. The building of a new supermarket does not alter the purchasing power of the neighborhood. As a result, neighborhood dietary patterns are unlikely to change.

There is clearly a need for a paradigm shift. Natural experiments are one way to study the impact of changing BE on health. Researchers have advocated for even more natural experiments in obesity research, arguing that studying changes in BE would strengthen the evidence base for local obesity-related policies and local interventions ([@bib92]). We propose a different type of a natural experiment built around people who change their proximal BE by moving to a different residential location. The U.S. Census Bureau has estimated that 14% of people move annually and 25% move within a 5-year period. Out of those, more than 50% moved within the same county ([@bib15]).

3. An imminent paradigm shift in built environment research {#s0035}
===========================================================

3.1. The moving to opportunity study {#s0040}
------------------------------------

The classic Moving to Opportunity (MTO) study in the US stands apart as the sole randomized controlled trial (RCT) that studied improvement in neighborhood variables ([@bib88]). The study included 5,000 participants, aged 18 y and older, who lived in five major US cities and were followed for a mean of 12.6 years. Participants were randomized into conditions, with some receiving vouchers allowing them to relocate to areas with improved neighborhood SES. The study concluded that participants who were randomly assigned the opportunity to move to a higher SES neighborhood experienced lower incident obesity and T2D.

While highly important because of its randomized design, the MTO study had no measures of the physical BE ([@bib88]). Those components of neighborhood BE that potentially had the greatest impact on weights and health could not be identified. By focusing on people who move, the present Moving to Health research strategy ([Section 4](#s0050){ref-type="sec"} below) borrows the central premise of the MTO study, adding a rich array of BE variables. The present goal was to explore a similar type of natural experiment, but to examine how abrupt changes in the neighborhood BE may affect long term health outcomes.

3.2. A focus on residential mobility {#s0045}
------------------------------------

There is research literature on residential mobility and the impact of health outcomes of movers versus stayers. We identified ten key studies of movers that are summarized in [Table 1](#t0005){ref-type="table"} ([@bib10], [@bib11], [@bib13], [@bib48], [@bib61]; [@bib81]; [@bib84]; [@bib92]; [@bib109]; [@bib111]; [@bib122]). These studies were based on a total of 37,276 mover participants, of whom 3,667 were children (12--17 y) ([@bib48]), and with a mean follow-up duration of \~7 y. People who moved away from low SES or deprived neighborhoods had lower BMIs and lower obesity risk ([@bib10], [@bib11], [@bib84], [@bib92], [@bib109], [@bib111], [@bib122]).Table 1Selected studies of residential mobility and obesity that examined movers versus stayers.Table 1Author & Year\# participantsFollow-up (y)Key FindingsA focus on people who moveEwing-200636677Adolescents living in sprawling counties more likely to be overweight or at risk of obesity. Changes in BMI not associated with movers.Lee-200934485Moving to a more or less-sprawling area was not associated with change in BMI.Berry-20105726Participants in lowest SES neighborhoods had largest increases in BMI; moving not significantly associated.Stafford-2010815111Women who resided in neighborhoods with low SES had higher BMI at baseline and greater weight gain over 10 years. No effect in men.Ludwig-2011449813The MTO study. Subjects randomized; opportunity to move from low to high SES neighborhood experienced reductions in the prevalence of obesity and diabetes.Hirsch-2014a9346Analyzed movers only. Moving to a location with a higher walkability score was associated with a 0.06 lower BMI.Powell-Wiley-201518357Moving to an area with higher deprivation correlated with weight gain. A longer duration of living in the deprived area associated with increased weight gain.Braun- 201610796Greater walkability in neighborhoods corresponded with preferable health outcomes like lower blood pressure. Results subject to bias with regard to neighborhood self-selection.[@bib84]12,16415Adolescents who grew up and stayed in low SES neighborhoods had higher risks for obesity compared to individuals stay in moderate-high SES neighborhoods.Rachele - 20189286Changes in the level of neighborhood disadvantage were not associated with BMI changes in women who moved.Total \# Subjects37,276

Four studies investigated the impact of moving to different BEs and the subsequent changes in body weight ([@bib13], [@bib48], [@bib61]; [@bib81]). In a study of 5,506 adults (934 movers) aged 45--84 y in several US cities, [@bib61] found that moving to an area with a 10-point higher walkability score was associated with a 0.06 lower BMI. Higher walking destination density, population density, and lower percent residential were all linked to a decrease in BMI. In contrast, other studies (one of adults and one of adolescents) found that moving to a more or less-sprawling area (variably defined) was not associated with a change in BMI or BMI z-score ([@bib48]; [@bib81]). [@bib13] found no association between changes in walkability and change in BMI among 1,079 movers.

[@bib109] found that adults who moved to more deprived neighborhoods (measured by a novel neighborhood deprivation index or NDI) gained more weight compared to other movers. Longer duration of living in a high NDI area was associated with more weight gain ([@bib109]).

4. The Moving to Health (M2H) approach to natural experiment research {#s0050}
=====================================================================

US Census Bureau data on geographic mobility show that naturally occurring residential moves are frequent ([@bib15]). Access to a well-characterized longitudinal cohort of health care users, confined to a well described geographic area, would be one way to study the impact of the BE on body weights and health. Implementing the M2H approach could take advantage of anonymized electronic medical records (EMR) from a large health system. Some of the conceptual and technical requirements for this research strategy, as suggested by the literature are outlined below.

4.1. A need for geo-localized participant health data {#s0055}
-----------------------------------------------------

Precise geo-location of participants is necessary to allow greater insight into the complex relations among BE and health outcomes, that are often mediated by individual or area SES.

Geocoded health data are finding their way into the literature ([@bib129]). Aggregated health data tend to be provided at different levels, from county and metropolitan areas, to health planning areas, ZIP codes, census tracts, or nearest intersections ([@bib129]). While individual addresses are optimal, precautions need to be taken to assure anonymity and removal of any identifying information ([@bib43], [@bib38], [@bib40], [@bib129]). This is critically important when electronic medical records (EMR) are involved.

4.2. A need for BE metrics at fine level of resolution {#s0060}
------------------------------------------------------

Joining vast amounts of EMR data with detailed BE data requires using state-of-the-art GIS methodologies, while developing new methods of spatial analysis. In past studies, the BE has been characterized in a variety of ways. Many of the methods, but not all, have aggregated BE elements by administrative boundaries ([@bib33], [@bib91]).

SmartMaps, defined below, represent a departure from data aggregated by US county or census tract. Instead, SmartMaps operationalize the measurement of neighborhood context at the individual tax parcel level ([@bib18], [@bib64], [@bib65]; [@bib101]; [@bib80]).

To aid in the creation of SmartMaps, the UW Urban Form Lab (UFL) has assembled GIS databases capturing changes in more than 40 BE characteristics in King County since 2005 (KC; area 5500 km^2^) using data from various sources not traditionally used in health research. Tax parcel polygon and residential property value data came from the KC tax assessor. KC GIS services provided street and regional trail data, while bus ridership data came from KC Metro, and traffic data came from the Puget Sound Regional Council (the region\'s municipal planning agency). The UW-UFL developed food establishment data based on geocoded food permits obtained from Public Health-Seattle KC; the UFL compiled park data from individual jurisdiction GIS layers, and geocoded PA and fitness facility data from InfoUSA. BE factors measured at the home neighborhood level for KPWA members will be linked to EMR data, thus creating datasets which are entirely novel.

SmartMaps use a range of distances from home to define a participant neighborhood, with 800 m being a commonly used measure that corresponds to the distance that can be walked in 10 minutes ([@bib85]). To calculate a SmartMap of residential unit counts, parcels are first converted to a 30 m raster grid, where the value of each cell represents the fraction of residential units within the cell (e.g., a 9000 m^2^ parcel containing 20 residential units yielded 10 cells with a value of 2 units per cell). The process then sums the values of all cells within each focal "neighborhood" to estimate the number of residential units. Typically, the geocoded home address will correspond to one focal cell, which will be extracted using ArcGIS Surface Spot method. [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} show SmartMaps of residential property values and supermarket density, respectively, in King County.Fig. 2SmartMap of residential property values.Fig. 2Fig. 3SmartMap of supermarket density.Fig. 3

Access to healthy foods has been measured in terms of distance to food sources from the participant\'s home or work. Distance measures have included estimates of the shortest travel time and the shortest physical distance along the road network. These measures were typically taken using the Network Analyst within ArcGIS, employing NAVTEQ or HERE Maps data, which realistically model the street network, including features such as one-way streets, freeway entrances and exits, and limited access roadways (e.g., freeways, pedestrian-only segments).

Walkability was typically indexed as a composite measure of neighborhood development density; mixed uses to insure walking destinations within the neighborhood; and intersection density to provide direct routes between homes and neighborhood destinations ([@bib45]). The UFL has produced several such indices in the past which have been translated into SmartMaps ([@bib9], [@bib41], [@bib42], [@bib79], [@bib102], [@bib105]). [Table 2](#t0010){ref-type="table"} summarizes the SmartMaps that will be created for BE domains and variables.Table 2Neighborhood built environment (BE) variables in the Moving to Health research strategy.Table 2**Variable DomainBuilt environment variable, measures and data sources**Variables related to environments that support utilitarian or recreational PA    Neighborhood compositionResidential density (count of residential units/km^2^) from KC GIS and KC AssessorEmployment density (count jobs/km^2^) from Dept. of Labor statisticsTopographyTerrain slope (% area \>5% slope) from digital terrain models    Transportation systemStreet density (km/km^2^) from KC GIS transportation roadway dataIntersection density (count/km^2^) from KC GIS transportation roadway dataSidewalk coverage (sidewalk length; as percent of street length) from UW-UFL dataTransit stop density (count/km^2^) from KC MetroBus ridership per stop (count/km^2^) from KC MetroTraffic volume (length of street) from Puget Sound Regional Council    Social and recreation environmentPublic parks, (count, % area) from UW-UFL dataTrails (km/km^2^) from KC GISDensity/distance to fitness centers, playgrounds, swimming areas from InfoUSA, KC GISDensities/distances to community centers from KC GIS    Neighborhood servicesDensities/distances to stores & neighborhood shopping centers from KC GIS and InfoUSADensities/distances to medical facilities (hospitals, clinics, HMO sites) from KC GIS  Variables related to environmental food sources    Food environmentDensities/distance to supermarkets, grocery stores, farmers' markets from UW-UFL/KC GISDensities/distance to convenience stores from UW-UFL and KC GISDensities/distance to full service, fast food, quick service restaurants from UW-UFL/KC GIS

4.3. A need for measures of individual and area SES {#s0065}
---------------------------------------------------

Knowing whether people move to higher-, lower- or equivalent SES neighborhoods allows for novel measures of exposure. In past studies, we have used assessed property values as a direct measure of individual-level SES ([@bib35], [@bib102], [@bib105]). Property value metrics have been tested previously against typical SES measures, using a representative sample of 2000 participants for King County population. Neighborhood-level SES indicators typically include the mean residential property value within 800 m buffer of respondents' home, as well as area-weighted mean education attainment, household income, and neighborhood race/ethnicity composition -- the latter three variables from US Census data.

SmartMaps of residential property values complement the standard indices of SES: education and incomes ([@bib35], [@bib102], [@bib105]). Since WA State has no income tax, taxation on real property is an essential source of revenue and tax rolls are both accurate and up to date. In Seattle-King County, local variation in residential property values is not captured by CT level data.

It has to be recognized that as people move into a new neighborhood and are abruptly exposed to the new BE, the BE itself may be changing albeit at a slower rate. Moving to a new area does not preclude a new supermarket, a new park, or a new transportation system from being built. Furthermore, those enhancement of the BE are not going to be uniform across neighborhoods. For that reason, studies on the impact of BE on health in a long term cohort, need to include some historical data on how the BE had changed over time.

4.4. A need for long term health and weight outcomes {#s0070}
----------------------------------------------------

Long term health and weight outcomes have been used in many prior studies ([@bib6], [@bib41], [@bib42], [@bib107]). First clinically-measured height, weight, and clinically diagnosed diabetes provide greater confidence in outcomes of interest and greater ability to access repeated measures within individuals. Based on KPWA data, 37% of adults and 13% of children and adolescents were obese during the study period, which is consistent with national estimates for adults and slightly lower for children. Prevalence of T2D among adults was 9.6%, which is consistent with recent published national estimates (9.3%) ([@bib29]). Few children had T2D (0.5%).

Based on KPWA data, more than 86% of adults and children have at least one BMI measurement in the EMR. Furthermore, \>210,000 adults and 62,000 children have 2+ BMI measures occurring at least 1 year apart. More than 54,000 adults and 30,000 children have 2 or more weight measures occurring at least 9 years apart. The mean (13) and median (7) number of BMI measures per patient is high. Among adults with T2D, the mean number of HbA1c measures is 9 with a median of 7.

4.5. The limitations of M2H approach {#s0075}
------------------------------------

People move for any number of reasons. The use of insurance data as the principal source of both residential location and electronic medical records (EMR) does not permit the study of motivations for such a move. EMR data may identify a change in address and insurance coverage, but do not provide motivations for moving to a different residential address. This is an important limitation, given that a move to a different neighborhood may reflect (or be a proxy for) a shift in individual socioeconomic status. People who move away from a deprived neighborhood may have the means to do so; those who move into a poorer neighborhood may have experienced economic insecurity. Diet quality and health outcomes can be influenced by neighborhood resources, but are also driven by household purchasing power. Residential self-selection bias is one issue that needs to be addressed in full.

Second, address coded EMR data are by definition home-centric. No data on where people shopped for food, exercised, or ate in restaurants are available. Living in a given neighborhood does not necessarily predict full use of that neighborhood\'s resources ([@bib119]). For that reason, recent studies on BE and health have turned away from the home-centric "residential trap", preferring to use GPS tracking devices to establish individual food activity spaces ([@bib22], [@bib74]) The use of large scale geocoded EMR precludes those options. Whereas the use of GPS tracking to estimate activity spaces is still relatively new ([@bib20]), it holds promise as a means of assessing exposure to the food environment in both time and space. However, daily selective mobility bias ([@bib23]) may complicate the drawing of causal inferences as to the relation between environmental exposure and health.

Third, insurance EMRs do not permit explorations of intermediate pathways related to energy balance such as diet quality or physical activity behaviors. Without intermediate pathways, the ability of the proposed analyses to advance our understanding of the impact of BE in obesity related outcomes is significantly reduced.

Finally, studying insured households (and those that maintained insurance through a move), means that understanding the impact of BE on the health of vulnerable groups is not possible. Loss of insurance through job loss would in some instances remove participants from the study. The generalizability of such findings to other households can be improved by ensuring that the population under study does include Medicare.

Additional data from other studies may be necessary to complement the M2H approach. For example the ongoing prospective *Seattle Obesity Study* is collecting GPS, accelerometer, and dietary intakes data for a longitudinal cohort of 1,000 adults in Western WA State over a 24-month period. One focus of the SOS is to explore mechanisms for socioeconomic disparities between King and Pierce Counties, and Yakima County, with a predominantly Hispanic population of lower education and incomes. Since the SOS also collects data on dietary intakes, shopping patterns, dietary behaviors and food assistance, it is able to delineate the behavioral pathways between diverse aspects of the local food environment, obesity and other health outcomes. By contrast, the Moving to Health cohort lacks survey data, but can rely on a very large sample, a sufficient number of movers, and a decade\'s worth of exposure. Both types of studies are needed to assess the likely impact of neighborhood BE on health.

We will also address the potential for unobserved confounding through a series of sensitivity analyses. Furthermore, any behavioral measures of diet and PA lie on the causal pathway between the BE and our outcomes and should not be adjusted for in our models.

5. Implications of M2H strategy for health-smart urban development {#s0080}
==================================================================

Learnings from large scale cohort studies based on geo-localized clinical data from regional health care systems and linked to aspects of the BE can be useful to urban planners and health policy makers. Such studies can track the changing relationship between the BE and obesity and T2D, at the very high levels of geographic resolution.

There are a number of health related questions that will need to be addressed. The first question is whether BE variables, measured at baseline, can predict longitudinal changes in 1) body weight and 2) HbA1c during up to 12 years follow-up, independent of baseline measures of socioeconomic status (SES; e.g., individual residential property value and neighborhood-level median household income), demographic variables (e.g., age, gender, race/ethnicity, insurance type), and comorbid health conditions (e.g., smoking, asthma, arthritis, hypertension, dyslipidemia).

The second question is whether overnight moving-induced changes in BE variables have any impact on body weight, obesity and T2D that is independent of SES. The third question is whether slower changes in the BE can predict changes in health outcomes among people who do not move residence, independent of changes in SES and other covariates.

This new natural experiment examining sudden (for movers) and gradual (for non-movers) changes in the BE for a very large cohort will provide unprecedented insights into the impact of different places on health. Armed with our findings, urban planners and policymakers will be able to target different BE features for intervention, based on local and regional realities. At the same time, the data will help inform individual residential location decisions and help to create demand for those neighborhood features that are most likely to be supportive of health.

6. Conclusions {#s0085}
==============

Urban developers, policy makers, health authorities, and health care consumers would all benefit from studies on which aspects of the BE are linked to health outcomes, ideally in a causal manner. In the absence of RCTs, longitudinal designs with repeated clinical follow-ups and periodic assessments of the changing BE provide greater ability for drawing causal inferences. Analyzing naturally occurring residential moves in a well characterized longitudinal cohort represents a paradigm shift and a different type of natural experiment in studies of the impact on BE on body weights and health.
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